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Abstract 
This study analyses the perception of the haptic quality of in-car push buttons by truck drivers. The study thus examines how a 
truck driver defines good haptic feedback with a high perceived quality by investigating several passenger-car push buttons 
which have a higher haptic quality than those in trucks and busses. Furthermore the study investigates if it is possible to translate 
brand-specific haptic into technical haptic parameters. Future research should aim to develop control devices that are able to 
transmit brand-specific quality and haptics to the user.  
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of AHFE Conference. 
Keywords: haptics, perceived quality, control devices, trucks 
1. Introduction and significance 
There is more to cars and trucks than just being a mode of transportation and mobility. Each individual’s 
esthetical preferences have an impact on what they require and demand of their car, truck or bus. Because these 
individual esthetical preferences and the perceived quality are based on emotional and cognitive properties [1], it is 
difficult to design products, e.g. controls, which satisfy a high percentage of users. Controls are important for the 
quality perception, which in turn is dependent on their design, the previous experience of their users, their 
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environment and their functionality [2]. All of this also applies to haptics as one aspect of high perceived quality. 
According to Doerrer [3], visual or acoustic perception is, because of the merely unidirectional energy transmission, 
not as powerful as haptic perception. This assumption is confirmed by a study by Burnett and Irune [2], whose 
results show that haptics has a greater influence on perception of the quality of controls than either vision or hearing 
sense [2].  
The perceived quality and comfort of control devices used in heavy trucks or busses is generally on a lower level 
than with passenger cars, although truck and bus drivers spend more time behind the steering wheel than regular car 
drivers. Providing good haptic feedback by enhancing the perceived quality of control devices will result in a 
satisfactory feedback to the driver that he has accomplished an operation correctly [4]. Petrov2012 shows the 
advantage of haptic feedback, by designing adaptively variable control elements, to reduce visual checks while 
operating [5]. Improving haptic feedback may decrease the potential of distracted driving. In addition, the overall 
impression of the interior and the image of the product as a whole could be improved. Thus, a characteristic 
perceived quality and haptic feedback may lead to a higher brand recognition factor and may permit specific 
differentiation from competitors. Controls with identical functions (e.g. push buttons) but with differently designed 
elements can trigger distinct connotations in the user and thus influence his perception and evaluations such as 
"sporty", "hard" or "tight" [6]. The objective of this study is to investigate the possibility of translating characteristic 
requirements for control devices, verbalized as adjectives, into haptic parameters.  
Prior to the study proper, six pairs of opposing adjectives were selected and set against a five-point scale to 
describe the haptics required of control devices. Following the approach of semantic differentials, specific scores on 
each scale were set to characterize the perceived quality of control devices desired for the brand (see Fig. 1). 
Fig. 1: Semantic differential of a brand-specific push button (adjectives changed) 
In order to find out how a good haptic control device feels and to define a push button which embodies the 
adjectives listed, we need to answer the following questions:  
x How do test persons perceive the haptics of selected push buttons? 
x How well does the perceived haptics meet the pre-defined requirements formulated as brand-specific adjective 
scores? 
x Do push buttons which are perceived as either good or bad in relation to their haptics, perceived quality and 
desirability match the defined brand-specific adjective scores? 
x Do push buttons which are perceived as either good or bad exhibit any special technical characteristics? 
2. Method 
Within this exploratory study six different push buttons from various automobile manufacturers for different 
operation systems in a car (e.g. hazard light, unlocking/locking system) were used to find out which of them are 
most likely to embody the brand-specific scale. Push buttons were chosen because internal research showed that 
more than half of the controls implemented in cars and trucks are push buttons. These push buttons were chosen by 
haptics experts because of their different technical parameters: force, distance and force surge (see Table 1). F1 
defines the exertion of force which the user has to apply. F2 shows the force of the push button’s electrical switch 
point. S1 and S2 indicate the distances for the force parameters. Force surge characterizes the relationship between 
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the two forces F1 and F2. A further selection criterion was a plain user interface surface to preclude the effect of 
arching.  
 
 
              (1) 
 
Table 1. Technical parameters of push buttons 
Push button F1 [N] F2 [N] Force surge [%] S1 [mm] S2 [mm] 
no. 1 8.01 3.49 56.4 0.91 1.53 
no. 2 3.39 2.26 33.3 0.67 1.28 
no. 3 4.40 2.52 42.7 0.48 0.57 
no. 4 3.01 1.74 42.2 0.55 1.19 
no. 5 5.85 5.29 9.6 0.71 0.74 
no. 6 5.60 4.09 27.0 1.07 1.58 
 
The experiment was set up in a mobile van on several parking lots at motorway restaurants. Under guidance the 
participants were blindfolded and then asked to feel and push the buttons that were presented to them in a permuted 
manner. All participants had to push every six push buttons while answering nine questions. The first six questions 
referred to the six pairs of opposing adjectives. The other three questions concerned the haptics of the push buttons 
(see Fig. 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Extract from the procedure followed by the questionnaire 
The evaluation was divided into four steps according to the research questions mentioned above.  
First, the subjective evaluation dealt with the haptic perception of the control devices investigated, their perceived 
quality and the desirability of such car control devices in a truck (cf. questions in Fig. 2). The data were validated for 
normal distribution and significance (α = .05). Because all six push buttons were tested against each other and 
dependent samples existed, the significance was tested by the Friedman test [7]. Second, the results gained from the 
haptic perception were used to check how well the perceived haptics met the pre-defined adjective scores. For this 
purpose, the medians of all perceived haptics scores for each of the tested push buttons were considered and 
compared with regard to their deviation from the defined scale values. On the basis of these deviations an evaluation 
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system was designed to check the correlation (see Table 2 & Table 3). For example, the median evaluated for the 
extravagant - conventional pair is Md = 2, the pre-defined score is 4 and the deviation is 2; in this category there is 
therefore no correlation and “not accomplished”. After the evaluation of all six single scales the overall evaluation 
shown in Table 3 was drawn up. 
Table 2. Correspondence of a single scale (one word pair) 
Condition Assessment / accordance 
Median = adjective quota + Wilcoxon-Test not significant totally accomplished (++) 
Median = adjective quota + Wilcoxon-Test significant accomplished (+) 
Median = ± 1  w.r.t. adjective score quota  adequately accomplished (0) 
Median > 1 w.r.t. adjective score quota not accomplished (-) 
 
Table 3. Correspondence of the entire scale (all word pairs) 
Condition assessment / accordance 
All scales "totally accomplished" or "accomplished" totally accomplished (++) 
≥ 3 scales "totally accomplished" or "accomplished" 
≤ 3 scales "adequately accomplished" 
0 scale "accomplished" 
accomplished (+) 
≥ 2 scales "totally accomplished" or "accomplished" 
≤ 3 scales "adequately accomplished" 
1 scale "not accomplished" 
adequately accomplished (0) 
1 scale "totally accomplished" or "accomplished" 
5 scales "adequately accomplished" or  "not accomplished" not accomplished (-) 
 
Third, each push button’s haptics, perceived quality and desirability were correlated with the pre-defined 
adjective scores to assess whether there was any coherence. For this the correlation of the three haptics questions 
was calculated. Because the data are ordinally scaled, the correlation coefficient after Spearman is taken into 
account [8]. It was expected that a negative correlation would result, which means that push buttons which hardly 
differ from the defined scales are ranked higher with regard to the haptics questions. Similarly, push buttons with a 
strong deviation are ranked lower with regard to the haptics. Multiplied together, the six push buttons used, six 
scales and three questions yield a total of 108 correlations. For further evaluations the non-interval-scaled 
correlations were converted to interval-scaled data using the Fisher Z-transformation [8], to average the correlation 
over all push buttons. This conversion results in a correlation between all six individual scales and each haptics 
question. 
Fourth, the results were compared with technical parameters of each push button relating to their pertinent forces, 
distances, and force surge (see Table 1). These parameters were measured with a robot which can reproduce human 
operation of a push button by generating force-distance characteristics. Based on these measurements a comparison 
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between the forces, distances, force surge and the three questions regarding haptics, perceived quality and 
desirability can be generated.  
3. Method 
In the following the results of the four questions will be presented.  
The current study was conducted with 32 (n = 32) professional truck drivers (23 years to 67 years old). On 
average they had 22 years driving experience (SD = 11). 
3.1. How do test persons perceive the haptics of selected push buttons? 
The results for the haptics questions show that the push buttons used are given low ratings (see Table 4). A 
remarkable fact is that the arithmetic means of the haptics overall and the perceived quality are very much the same. 
The significance test for haptics overall (p = .081) and perceived quality (p = .189) show no significant differences 
(p < .05). Regarding the question “How would you like a push button with this feeling in your own truck?” the 
arithmetic means for desirability are below the arithmetic means for both haptics overall and perceived quality. The 
Friedman significance test ascertained that at least one of the push buttons deviates from any of the other push 
buttons. A post-hoc Wilcoxon test shows that push button no. 1 is less desired than no. 2 (p = .012), no. 3 (p = .021) 
and no. 6 (p = .004). Because of the high numbers of pairwise comparisons the probability of alpha errors increases, 
whereby non-significant results become significant [7]. The alpha level was therefore adjusted by the Holm-
Bonferroni method [7]. The results of the new alpha (α* = .003) manifest no significant differences (p = .004). 
Looking at the arithmetic means, the results indicate that push button no. 1 received the lowest scores and push 
button no. 3 the highest. Nevertheless: the results do not yield any significant difference between any of the six push 
buttons, i.e., none of the button was significantly better than the others. 
Table 4. Arithmetic means and standard deviations for haptics questions 
Push button 
Arithmetic mean = M (standard deviation = SD) 
Haptics overall Perceived quality Desirability 
no. 1 2.84 (1.27) 2.81 (1.38) 2.22 (1.21) 
no. 2 3.47 (1.08) 3.34 (1.07) 2.97 (1.15) 
no. 3 3.53 (0.95) 3.48 (0.89) 3.00 (1.19) 
no. 4 3.31 (0.90) 3.22 (0.91) 2.62 (1.16) 
no. 5 3.00 (1.14) 3.19 (1.14) 2.66 (1.26) 
no. 6 3.31 (0.97) 3.28 (0.96) 2.97 (1.21) 
 
3.2. How well does the perceived haptics meet the pre-defined requirements formulated as brand-specific adjective 
scores 
Concerning the second question and the validation method described, the results show that none of the push 
buttons fulfilled the entire pre-defined brand scale but that individual scales were met (see Table 5). The scales 
poor – beautiful; sentimental – powerful were fulfilled or totally fulfilled. It is conspicuous that push button no. 1 
fulfils two scales (poor – beautiful; sentimental – powerful) although it received the lowest scores on the haptics 
questions.  The scale annoying – discreet was not fulfilled by any of the push buttons evaluated.  
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Table 5. Correspondence of single and entire scale word pairs (totally accomplished = ++/spotted; accomplished = +/spotted; adequately 
accomplished = 0/crossed; not accomplished = -) 
                           Push 
button 
Scale 
no. 1 no. 2 no. 3 no. 4 no. 5 no. 6 
extravagant - conventional (-) (0) (0) (0) (0) (0) 
annoying - discreet (-) (-) (-) (-) (-) (-) 
poor - beautiful (++) (0) (+) (0) (0) (0) 
sentimental -  powerful (++) (0) (0) (0) (0) (+) 
artificial - authentic (0) (-) (-) (-) (-) (0) 
inexact - exact (0) (0) (-) (0) (-) (-) 
ENTIRE SCALE (-) (-) (-) (-) (-) (-) 
3.3. Do push buttons which are perceived as either good or bad in relation to their haptics, perceived quality and 
desirability match the defined brand-specific adjective scores? 
Analyses regarding the third question were able to identify scales (adjectives changed) which can or cannot be 
used to describe the haptics, perceived quality and desirability (see Table 6). If the correlation is significant, the 
coherences are negative, which means the higher the intensity on the haptics questions, the smaller the deviation 
between the haptics questions and the pre-defined scale. Poor ratings for haptics, perceived quality and desirability 
thus lead to a greater deviation between the haptics questions and the scales. According to this the correlation results 
from the Fisher Z-transformation show a high degree of correspondence between the scales annoying – discreet and 
inexact – exact. A moderate correlation was determined for the scales poor – beautiful and artificial – authentic. 
Only the scale sentimental – powerful yields no redundancy in terms of overall haptics, perceived quality and 
desirability.  
Table 6. Averaged correlation (rs) of all push buttons separated according to haptics, perceived quality, desirability (rs ≤ 0.2  => no 
coherence; 0.2 < rs ≤ 0.5 => medium coherence; 0.5 < rs ≤ 0.8 => strong coherence)  
Push 
button 
extravagant - 
conventional 
annoying - 
discreet 
poor -  
beautiful 
sentimental - 
powerful 
artificial - 
authentic 
inexact -  
exact 
haptics 
overall -.517 -.635 -.340 -.168 -.383 -.605 
perceived 
quality -.435 -.585 -.413 -.181 -.358 -.510 
desirability -.394 -.523 -.322 -.149 -.285 -.504 
 
3.4. Do push buttons which are perceived as either good or bad exhibit any special technical characteristics? 
Because of the undifferentiated results of the three haptics questions it is difficult to match coherences to 
technical characteristics. The first results evaluated regarding the haptics and the technical characteristics show that 
push buttons with push forces of approximately 4.40 N – 5.60 N achieve a higher haptic impression among truck 
drivers (see Fig. 3). With regard to distances and force surge in this correlation no specifics can be derived. Further 
analyses to identify correlations, e.g. matching several pairs of words with technical parameters, are being evaluated.  
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Conclusion 
 
 
Fig. 3. Correlation of technical parameters F1, S1 and force surge with haptics question “How does the push button feel as you activate it 
4. Discussion 
The results given in the study show that all six push buttons investigated were evaluated and perceived as average 
without any remarkable differences. Although the push buttons, which differ in their technical parameters, were 
selected by experts, the study leads to some conjecture. One reason may be that professional truck drivers do not 
consciously concern themselves with the haptic feel of controls in a truck in the course of their day-to-day work, e.g. 
because of the influence of time pressure and chasing new orders. A further possible reason concerns the non-typical 
truck environment and the layout of control units on a horizontal surface during the tests. With regard to statistical 
reasons the cause of the undifferentiated perception is the five-point scale and the strong tendency towards the 
center, i.e. people tends to avoid selecting extreme values [9]. This leads to the further assumption that word pairs 
are not adequate for testing haptics questions because every test person defines his or her own individual opposites. 
A possible solution would be to use single adjectives or descriptions and scale them according to intensity.  
Of the control devices used in the study, no push button can be recommended for its high perceived quality. The 
haptics results and their fulfilment of the brand scale suggest that the given word pairs are perhaps not haptics-
specific or are not able to describe a high perceived quality. This assumption was confirmed with regard to push 
button no. 1: although this push button achieves the lowest average value, it is the only control device which fulfils 
two word pairs. The coherence between haptics and the deviations from the defined brand scales suggests rather that 
several single adjectives could be used to describe brand-specific haptics, e.g. exact or discreet (adjectives changed).  
The undifferentiated perception of truck drivers and the lack of push buttons with an extreme negative or positive 
rating hardly permit any identification of particular technical parameters. Based on this knowledge, push buttons 
where only one parameter is systematically changed (e.g. force) should be used in further studies. Other dimensions 
(distance, force surge) should be kept constant. 
Based on the comfort pyramid referred to in Bubb [10], a similar procedure can be adopted for describing the 
quality of control devices in a car or a truck (see Fig. 4).  
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Fig. 4: Perceived quality pyramid of control devices 
Fundamental to the development of new control devices are their functionality and their unambiguous feedback – 
regarding not only haptics but also acoustics and visuals. If these two levels are successfully realized, a control unit 
with a high quality (e.g. high perceived quality, reliability) and a brand-specific characteristic can be developed. 
Technical parameters such as force, distance and force surge can therefore be used. But before this can happen a 
question has to be answered: What are the technical parameters for a control device with high perceived quality? 
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